Introduction
Although agriculture is just one of the countless nonpoint sources of contamination, it is generally targeted as the largest source among all pollutant categories. In Brazil, the degree to which these pollutants contribute to deteriorate water quality has not been quantified. In the United States, however, it is admitted that 50 to 60% of the pollutant load in lakes and rivers comes from agriculture. 1 The rice irrigated culture in Brazil, is notable in the Rio Grande do Sul State, comprising 73% of the cultivated area of this culture. In most of the rice farms, the pesticide applications are made after the irrigation, directly in the water. Depending on the water producer's handling and on the occurrence of rain after pesticide application, there is a risk that residues of these compounds be carried out of the area, contaminating water sources. [2] [3] [4] [5] In the pre-germinated system of irrigated rice cultivation, frequently employed in Brazil, area drainage after sowing set off serious environmental problems, as well as, may cause suspended nutrients and/or pesticides losses in the released irrigation water. This has been 7 in which the occurrence of some herbicides, mainly those that present high persistence, was confirmed in river and irrigation waters. Very little, up to now, has been done in Brazil to study the behavior and destination of herbicides in the system, as an attempt to maintain treatments' efficiency at a lower risk of environmental damage. 8 Propanil (3,4-dichloropropionanilide) presented in Figure 1A , CAS RN 709-98-8, is one of the most used herbicides in the cultivation of irrigated rice in Brazil. It is a post-emergent selective contact herbicide with short duration used to control the electron transport inhibition of photosynthesis in herbs of wide leaves. 9 According to Barceló et al. 10 propanil was also one of the most used in Ebre Delta wetland area (Tarragosa, Spain) and, according to Coupe et al., 11 it was extensively used in the Mississipi Delta area (USA). Various studies 10, [12] [13] [14] [15] have verified that the herbicide propanil is degraded quickly into 3,4-dichloroaniline (3,4-DCA), presented in Figure 1B , CAS RN 95-76-1.
The meaningful contribution of this study was the development of an analytical method and its application to determine the persistence of propanil herbicide in irrigated rice farm waters. Field experiments carried out tracked propanil degradation and determined its half-life time under field conditions at experimental areas. Therefore, it was possible to assess the contamination risk of adjacent surface waters. The determination of propanil and 3,4-DCA was done by high performance liquid chromatography with ultraviolet detection (HPLC-UV) and gas chromatography-mass spectrometry (GC-MS) was used for confirmation.
Experimental

Instrumentation
An HPLC-UV system Shimadzu (Tokio, Japan) was equipped with an isocratic pump LC-10AD, a UV-visible spectrophotometric detector SPD-10 AV, an integrator C-R6A, an analytical column Bondesil C18 (250 × 4.6 mm A vacuum pump Leybold-Heraeus D3 (Germany), a SPE manifold Varian for the simultaneous preconcentration of 20 samples, a pH meter Cole Parmer (Illinois, USA) series 500 and an ultra-sound bath Bandelin Sonorex RK 510 (Berlin, Germany) were also used.
Reagents, solvents and samples
Water used in the preparation of all the solutions was purified in a Milli-Q system (resistivity of 18.2 MΩ cm). Methanol ChromAR HPLC, dichloromethane residue degree (Mallinckrodt, NJ, USA) and phosphoric acid p.a. 85% (Merck, Darmstadt, Germany) were also used. Analytical stock solutions were individually prepared through the dissolution in methanol of the respective solid reference standard of propanil (99.3% of purity) and 3,4-DCA (99.5% purity), both from ChemService (West Chester, PA, USA). After preparation, the solution was stored in amber flask glass at -18 °C.
Description of the field experiment
The experiments were carried out together with the Crop Science The pre-germinated system of cultivation was used. For the herbicide application, a precision coastal pulverizer propelled with CO 2 was used, operating at a pressure of 275 kPa and a consumption corresponding to 150 L ha -1 . Considering a water layer of 10 cm, the theoretical initial . During the field experiments the water layer was maintained at the same level.
In the 2001 harvest, water sampling was carried out shortly before the herbicide application and on days 1, 2, 7, 14, 21, 28 and 60, after its application. In the following years, water sampling was made on days 1, 2, 3, 5, 7, 10, 14, 21, 28, 35 and 60, after herbicide application.
Water sampling was accomplished in a 1 L amber glass flask at 5 cm under the water surface. The samples were sent to the Laboratory of Analysis of Residues of Pesticides (LARP) of the Chemistry Department at UFSM for chemical analysis.
Description of the analysis procedure
All samples were analyzed as described by Primel 6 and Zanella et al. 16 250 mL aliquots, previously filtered in 47 mm diameter nylon membranes and 0.45 µm porosity, were acidified to pH 3.0 with phosphoric acid and pre-concentrated in a cartridge containing 500 mg of C18. The elution was carried out with two 500 μL methanol aliquots. A volume of 20 µL was injected in the HPLC-UV system. As mobile phase a mixture (24:30:46; v/v) of methanol, acetonitrile and water was used, adjusted to pH 3.0 with phosphoric acid, at a flow-rate of 1.0 mL min -1 . The detection was performed by UV at 220 nm. The confirmation was carried out by GC-MS under the following conditions: carrier gas: helium at a constant pressure of 14 psi, resulting in an initial flow-rate of 1.2 mL min -1 ; injected volume: 1 μL (splitless); injector temperature of 250 °C; temperature program of the column oven: 45 o C, held for 1.5 min, then a gradient of 10 o C min -1 up to 260 o C, maintained for 4 more min; mass spectrometer operating with the following temperatures: transfer line: 290 °C, manifold: 80 °C and ion trap: 240 °C. For the GC-MS analyses, the solvent used for elution in the SPE step was evaporated using a N 2 current and the remaining residue was dissolved in dichloromethane. The GC-MS acquisition data was made in the MS mode, with ion monitoring from the full scan spectrum of the compounds in study. For propanil and 3,4-DCA, the monitored ions were m/z 217, 161, 126, 90 and 57; and 161, 126 and 90, respectively.
Results and Discussion
Reversed-phase HPLC with UV detection after a solidphase extraction step proved to be a good choice for propanil and 3,4-DCA determination, allowing to evaluate these compounds concentration variation in agricultural Table 1 . Propanil herbicide presented residues up to the seventh day after application. The sudden reduction of the concentration of propanil to 2.3 mg L -1 on the seventh day or to 0.1 mg L -1 on the fifth day, respectively in 2001 and 2003, is due to its fast hydrolysis. Available data indicate that propanil does not persist for a long time in the atmosphere, being metabolized in the matrix soil/water. However, propanil and its metabolite 3,4-DCA can constitute a risk for surface waters and for human health. 17 Observational water studies carried out in the US 18 showed that 3% of 1560 analyzed samples contained propanil concentration up to 2 μg L -1 and in 50% of the samples, 3,4-DCA was detected up to 8.9 μg L -1 .
For propanil herbicide, results indicate that the concentration decreases quickly during the first days, in the 2001 harvest. 3,4-DCA concentration increases until the 3 rd day and then starts to decrease. 3,4-DCA is detected up until the second week after propanil application as can be observed in No propanil herbicide residues are found after this, whereas 3,4-DCA presence is detected until the 10 th day after the herbicide application, as may be observed in Table 1 , in which its concentration was 3.5 μg L Table 2 .
Spectra and chromatograms obtained by sample injection were compared to those of standard analytical solutions for these compounds. This ion selection allowed a larger selectivity in the identification of propanil and 3,4-DCA, isolating the signal of these compounds from the signals of impurities present in the samples.
Determination of the half-life time
ln C/Co = -kt equation can be used to determine the order of a reaction if the reagent concentration as a time function is known. One way of characterizing the systems is by the determination of the half-life time (t 1/2 ) of the reagent. Then, if we plot ln C as a function of t, we will obtain a straight line, whose angular coefficient (rate constant) is -k. Also this constant -k is detemined by the nature of reagents for a given temperature and is a numerical value characteristic of each reaction.
In order to calculate propanil half-life time in irrigation waters, we used t 1/2 = ln 2/k equation, in which k is the slope of the straight line. The mean half-life time for propanil was 18. 9,10 According to Barceló et al. 10 propanil degradation is directly dependent on the environmental 
